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REPORT NOTICES

When Gooernment drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States Gov-
ernment thereby incurs no responsibility nor any obligation what-
soever; and the fact that the Government may have formulated9
furnished or in any way supplied the said drawings, specifications'
or other data, is not to be regarded by implication or otherwise
as in any manner licensing the holder or any other person or
corporation or conveying any rights or permission to manufacture,
use9 or sell any patented invention that may in any way be
related thereto,

The information furnished herewith is made available for study
upon the understanding that the Government's proprietary interests
in and relating thereto shall not be impaired, It is desired
that the Judge Advocate Office, WCJM Wright Air Development
Center Wright-Patterson Air Force Base, Ohio , be promptly noti-
fied oA any apparent conflict between the Government's proprie-
tary interests and those of others,

The U, S. Government is absolved from any litigation which may
ensue from the contractor's infringing on the foreign patent
rights which may be involved,
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FOREWORD

This report was prepared by the Aeronautical Icing Research Labora-
tories of Smith, Hinchman & Grylls Inc. in partial fulfillment of
the requirements of Contract AF 33W6O0)-8114. The Aeronautical
Icing Research Laboratories are performing research and development
work on aircraft icing problems under the research and development
contract identified by Research and Development Order No. 560-74.
This program is administered under the direction of the Icing Unit,
Engineering Branch, Directorate of Flight and All-Weather Testing,
Wright Air Development Center, with Mr. R. J. Hawn as the Project
Engineer. The report is one of a series to be issued.

Capts. F. G. Bastian and W. E. Archer, of the Wright Air Development
Center, were the pilots of the airplane utilized to compile the
icing data presented in the report.
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ABSTRACT

The meteorological data obtained by the Willow Run Laboratory of
the Aeronautical Icing Research Laboratories during icing flights
in December 1952, are presented. A total of eight icing flights
were made with a B-24 airplane. During these icing flights fifty-
six icing-intensity measurements were obtained by the rotating multi-
cylinder method,

.9

The data presented consists of liquid water content, mean effective
droplet diameter, droplet-distribution type free-air temperature,
pressure altitude, true airspeed, type of cloud and geographical
location. The range of the meteorological conditions encountered
during thjs period is as follows: liquid water content of .06 to
.68 gms/mJ; mean effective droplet diameter of 4 to 17 micronss;
free-air temperature of +10 to +28 OF and pressure altitude of 3500
to 6300 feet.

Frequency-of-occurrence curves for liquid water content, mean effec-
tive droplet diameter and free-air temperature are presented.

PUBLICATION REVIEW

The publication of this report does not constitute approval by the
Air Force of the findings or the conclusions contained therein.
It is published only for the exchange and stimulation of ideas.

H. B. MANSON JR,
Colonel, USA'
Director of Flight and All-Weather Testing
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PRELIMINARY REPORT ON THE ICING INTENSITY
DATA OBTAIIThED IN FLIGHTS THROUGH NATURAL ICING CLOUDS

(I December 1952 to 31 December 1952)

INTRODUCTION

This report, requested by The Directorate of Flight and All-Weather

Testing (WCTEW-4), WADC, contains the data on the measurement of the

meteorological variables encountered during flights through natural

icing conditions. These data were obtained by the Aeronautical Icing

Research Laboratory, Willow Run, hi•chigan.

The major portion of the flight data presented in tabular form in

this report was obtained in conjunction with the flight require-

ments of concurrent engineering projects. These flights were not

intended primarily to make meteorological investigations of the

icing conditions encountered, holever, the type of cloud formations,

the geographical locations and other flight variables were recorded

during the icing encounters. This information has been included in

the data tables along with the icing intensity data.

The measurement of the icing intensity was obtained with a rotating

multi-cylinder unit. With this instrument the liquid water con-

* tent, mean effective droplet diameter and the droplet size distri-

bution can be determined.

The range of meteorological conditions encountered during the icing

period covered in this report is presented in the following table:
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MAX. MIN.

Liouid Water Content, gms/m 3  .68 .06

Mean-Droplet Size, microns 17 4

Temperature, OF +28 +10

Pressure Altitude, ft. 6300 3500

EQUIPIENT AND PROCEDURE

The aircraft employed for the flights was an EB-24M bomber type air-

plane, equipped with a thermal anti-icing system. Flight procedures

varied with existing weather conditions, traffic control problems and

the requirements of concurrent engineering flight projects.

The rotating multi-cylinder array in use for all flights consisted of

six cylinders with diameters of 1/8, 5/167 1/2, 1-1/4, 1-3/4 and 3

inches. The exposed length of the 1/8 inch diameter cylinder was 12.7

cm. while all remaining cylinders were 10 cm. in length.

RESULTS AND DISCUSSION

The flight meteorological data for the period covered by this report

are summarized in Table I. A total of eight flights were conducted

during which icing conditions were encountered and the accumulated

total of multi-cylinder runs was fifty-six. The data for five of

these runs could not be matched to the theoretical KO curves and in

three instances the icing conditions were intermittent during the

cylinder exposure time. The runs thus affected are labeled with ap-

propriate notations in the remarks column of Table I.

WADC TR 53-48
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Fi 7ures 1. 2 and 3 contain curves showing frequency of occurrence

of liquid water content, mean effective drop)let diameter and am-

bient air temperatures respectively. For an assumed icing condi-

tion of .5 gris/m 3, 15 microns and +15 OF, the curves show that:

1. 94% of the measured values of liquid water content

were equal to or less than .5 gms/m3,

2. 95% of the measured values of the mean effective

droplet diameters were equal to or less than 15

microns,

3, For 42% of the icing encounter, the measured am-

bient air temperature was +15 OF or lower. The

minimum temperature recorded was +10 OF.

The discontinuity of the curve in Figure 3 indicates that insuf-

ficient data were obtained during the period covered by this pre-

liminary report to provide a satisfactory frequency curve. A final

report will be published at the completion of the 1952-1953 icing

season which will include the data for all icing flights.

"To show the variation of liquid water content with droplet size and

ambient air temperature, Figures 4 and 5 were prepared. Figure 4

contains the plot of liquid water content versus mean effective

droplet diameters. Figure 5 shows the variation of liquid water

content with ambient air temperature as measured during the expo-

sure time of the multi-cylinder units.
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